Purpose: Volume-controlled ventilation (VCV) has been the traditional mechanical ventilation mode in laparoscopic surgery. Pressure-controlled ventilation (PCV) has been used more frequently in recent years, especially for patients with complicated conditions; however, evidence on whether PCV is superior to VCV is still lacking. A meta-analysis was used to compare the effects of PCV and VCV on respiratory and hemodynamic parameters during laparoscopic surgery.
Laparoscopic surgery is a modern surgical technique in which an abdominal operation is performed through small incisions (usually 0.5-1.5 cm). Short, narrow tubes are inserted into these incisions and all the surgical instruments are then introduced through these tubes. Laparoscopic surgery has been used increasingly in many surgical procedures because of the shorter hospital stay, minimal postoperative pain and rapid recovery [1] . To obtain adequate visualization and reveal surgical area, the CO2 pneumoperitoneum method is used during the operation, but the increased intra-abdominal pressure during this type of surgery may cause problems, especially with the cardiorespiratory system [2] . Various ventilatory strategies are recommended to solve this problem and achieve better oxygenation during laparoscopy. As the classic ventilation mode, volumecontrolled ventilation (VCV) has been used for many years. This mode utilizes a constant or decelerating flow to deliver a target tidal volume and thus ensure satisfactory minute ventilation, but its use frequently causes high pressure levels in obese patients [3] . Pressure-controlled ventilation (PCV) is an alternative mode of mechanical ventilation. Through limiting inspiratory pressure, it may reduce the risk of barotrauma and volutrauma. Additionally, it ensures collapsed alveoli open up by extending inspiratory time using adequate positive endexpiratory pressure levels [4] . Whether PCV is superior to VCV during laparoscopic surgery is still debatable [2, 3, [5] [6] [7] [8] [9] [10] . In some studies, VCV provides better alveolar ventilation than PCV [2] , but in other studies, PCV results in better oxygenation [9] . Proper comparison of the two techniques is difficult as the relevant randomized controlled trials (RCTs) are small sample (the largest published trial is only 102 patients). The quality and consistency of the evidence on this topic have not been systematically investigated -an important gap in our understanding of the relative advantages of PCV vs. VCV in laparoscopic surgery. Using recently published evidence, a meta-analysis of RCTs was performed to compare the effects of PCV and VCV on respiratory mechanics and hemodynamic parameters during laparoscopic operations.
Materials and Methods

Search strategy
The systematic review and meta-analysis was performed according to the published Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [11] . A systematic search of all published studies in Pubmed and Embase, from inception to December 2014, was independently performed by two members of our team ( JP.W and HB.W).
Search terms included "laparoscopy", "laparoscopic surgery", "respiration, artificial", "mechanical ventilation". We also reviewed reference lists and recent reviews to identify other potentially eligible studies that had not been identified in our initial search.
Study selection
All studies that matched the following criteria were included in the study: (a) study type, RCT; (b) study population, morbidly obese or normal adults patients undergoing laparoscopic surgery; (c) intervention, mechanical ventilation with PCV vs. VCV; (d) measurement time, outcomes were compared at three times: preoperative (usually as patients underwent induction of anesthesia, T1), intraoperative (usually after pneumoperitoneum, T2), postoperation (usually as pneumoperitoneum is withdrawal, T3); and, (e) outcome measurement, respiratory mechanics (including peak airway pressure, plateau pressure, mean airway pressure, compliance, airway resistance, minute volume, end-tidal CO2 tension and tidal volume) and hemodynamic parameters (including heart rate and mean arterial pressure). In the case of duplicate data publication (several studies with overlapping samples), only the most informative article or complete study was included to avoid duplication of information. Trials with neonatal or pediatric patients and patients using of supraglottic airways were excluded.
Data extraction and quality assessment
Two members of our team ( JPW and YJL) used a standardized data collection form to extract the following information from each included study: source, number of total patients, number of PCV cases, number of VCV cases, population characteristics, type of operation, inclusion and exclusion criteria and ventilator settings of the PCV and VCV groups.
The methodologic quality of RCTs was evaluated using the Jadad scale [12] . This scale consists of three items describing randomization (0-2 points), blinding (0-2 points) and dropouts and withdrawals (0-1 point) for an RCT. The studies were considered low quality if the Jadad score was ≤2 and of high quality if the score was ≥3 [13] . Two investigators ( JPW and HBW) selected the published study, extracted the data and assessed the quality, and a third investigator (YJL) was consulted to resolve any conflicts.
Statistical analysis
In examining the associations between ventilation mode and respiratory mechanics and hemodynamic parameters, results were expressed as standard mean difference (SMD). HeterogeWang et al. Mechanical Ventilation in Laparoscopic Surgery neity across trials was assessed via a standard Chi square test with significance being set at P<0.10 and also assessed by means of I 2 statistic with significance being set at I 2 >50% [14] . The random effect model was used for statistical analysis due to wide clinical and methodological variability across the trials. According to the type of patients (morbidly obese or normal patients), the quality of the studies and the type of the surgeries (laparoscopic cholecystectomy or laparoscopic pelvic surgery), three subgroup analyses were conducted to explore possible explanations for heterogeneity. Publication biases were evaluated using funnel plots. Statistical analysis was performed using STATA 12.0 (Stata Corp) and a value of P<0.05 was considered statistically significant.
Results
Search Results
The initial search found 308 citations, which were screened by reviewing the title and/or abstract. Of these, most (300) were excluded because they were duplicate studies or for various reasons (reviews, not RCT, or not relevant to our study) (See the flow diagram in Fig. 1 ) The remaining eight RCTs were included in the final analysis [2,3,5 -10] .
The main characteristics of these eight included studies are listed in Table 1 and 2. In total, 428 participants, 214 cases of PCV patients and 214 cases of VCV patients were analysed. The type of laparoscopic surgery varied: three were laparoWang et al. Mechanical Ventilation in Laparoscopic Surgery scopic cholecystectomies, two were laparoscopic gynecologic surgeries and three were laparoscopic gastric bandings, laparoscopic radical prostatectomies and one laparoscopic obesity surgery. In all studies, satisfactory oxygenation was achieved. The average Jadad score of the included studies was 2.5 (with a range from 1 to 3). A supplementary file shows these data in more detail [see Table S1 ].
Hemodynamic data
The pooled results of hemodynamic data at each time point are shown in Figs. 2-4. There were no significant differences between PCV and VCV patients for heart rate at T1 (SMD = 0.07, 95% CI, -0.16 -0.30), T2 (SMD = 0.15, 95% CI, -0.07 -0.36) and T3 (SMD = 0.06, 95% CI, -0.2 -0.32), with low heterogeneity among the studies (I 2 = 0% at T1, T2, T3). Similarly, no significant differences were found between PCV and VCV patients for mean arterial pressure at T1 (SMD = -0.19, 95% CI, -0.41 -0.03), T2 (SMD = -0.03, 95% CI, -0.25 -0.18), and T3 (SMD = -0.02, 95% CI, -0.28 -0.24), with low heterogeneity among the studies (I 2 = 0% at T1, T2, T3). Furthermore, hemodynamic effect in PCV and VCV patients were not significantly different in high-quality studies or with patients who were morbidly obese, or who underwent laparoscopic cholecystectomy or laparoscopic pelvic surgery [see Table S2 ].
Respiratory data
The meta-analysis results of respiratory data at each time point are shown in Figure 2 -4. Respiratory data, including peak airway pressure, plateau pressure, mean airway pressure, compliance, airway resistance, minute volume, end-tidal CO2 tension and tidal volume, were analyzed.
There were no significant differences between PCV and VCV in most respiratory data at T1, T2, T3.. At T1, PCV was associated with significantly lower peak airway pressure (SMD = -0.39, 95% CI, -0.62 --0.16, I 2 = 0%), higher compliance (SMD = 0.53, 95% CI, 0.24 -0.83, I 2 = 0%) and lower airway resistance (SMD= -0.59, 95% CI, -0.88 --0.29, I 2 = 0%). Similarly, at T2, PCV was associated with lower peak airway pressure and higher compliance, but higher mean airway pressure (SMD = 0.51, 95% CI, 0.06 -0.96, I 2 = 58%). At T3, PCV was still associated with lower peak airway pressure, but lower mean airway pressure (SMD = -0.39, 95% CI, -0.76 --0.03, I 2 = 0%) and higher end-tidal CO 2 tension (SMD = 0.36, 95% CI, 0.04 -0.68, I 2 = 0%). Subgroup analysis by morbidly obese, quality of included studies and type of the surgeries produced similar results [see Table S2 ]. FIGURE 2B. The comparison outcomes of PCV and VCV on respiratory and hemodynamic parameters at T1. There were no significant differences between PCV and VCV for hemodynamic effect and most respiratory data, but PCV was significantly associated with lower peak airway pressure, higher compliance and lower airway resistance.
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FIGURE 3A. The comparison outcomes of PCV and VCV on respiratory and hemodynamic parameters at T2. There were no significant differences between PCV and VCV for hemodynamic effect and most respiratory data, but PCV was associated with lower peak airway pressure, higher compliance and higher mean airway pressure.
© 2015 CIM Clin Invest Med • Vol 38, no 3, June 2015 E126
FIGURE 3B. The comparison outcomes of PCV and VCV on respiratory and hemodynamic parameters at T2. There were no significant differences between PCV and VCV for hemodynamic effect and most respiratory data, but PCV was associated with lower peak airway pressure, higher compliance and higher mean airway pressure.
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FIGURE 4A. The comparison outcomes of PCV and VCV on respiratory and hemodynamic parameters at T3. There were no significant differences between PCV and VCV for hemodynamic effect and most respiratory data, but PCV was associated with lower peak airway pressure, but lower mean airway pressure and higher end-tidal CO2 tension.
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FIGURE 4B. The comparison outcomes of PCV and VCV on respiratory and hemodynamic parameters at T3. There were no significant differences between PCV and VCV for hemodynamic effect and most respiratory data, but PCV was associated with lower peak airway pressure, but lower mean airway pressure and higher end-tidal CO2 tension. 
Discussion
This is the first meta-analysis to compare the effects of PCV and VCV on respiratory mechanics and hemodynamic parameters during laparoscopic surgery. Our meta-analysis of eight RCTs suggested that hemodynamic parameters were similar between patients who received PCV and VCV; PCV may offer slightly better respiratory data, but both modes of ventilation may be used during laparoscopic surgery with reasonable results.
In the literature, there are still no clear guidelines on the use of VCV or PCV during laparoscopic surgery and all relevant studies have small sample sizes; therefore, choice of ventilation is based on institutional tradition and experience. But the selection of the optimal ventilation mode or the optimal control variable of ventilation for the patients, especially for special cases such as morbidly obese [9] or critically ill patients, is of great interest anesthesiologists. For this reason, we conduct this meta-analysis. PCV was found to be associated with lower peak airway pressure and higher compliance, but a higher end-tidal CO2 tension at T3 was also found. This result was reasonable, and could be explained by the characteristics of these two modes. VCV is the most popular mode for intraoperative use and this mode aims at achieving a target tidal volume by delivering a constant flow and, thus, ensures satisfactory minute ventilation [8] . During the laparoscopic surgery, the intra-abdominal pressure is elevated unavoidably by the use of pneumoperitoneum. The resulting abdominal expansion shifts the diaphragm upwards, which causes the intra-thoracic pressure increases and the lung expansion is restricted, resulting in a decrease in the pulmonary dynamic compliance and an increase in peak airway pressure [15] . In most of the studies included in this analysis, in order to improve the oxygenation, the tidal volume is set at an optimal level (usually 8-10 ml/kg) in the VCV group; however, because of the cardiopulmonary effect of pneumoperitoneum, peak airway pressure increases significantly in the VCV group. Higher peak airway pressure and decreased compliance may be associated with increased risk of pulmonary barotraumas. Through limiting inspiratory pressure, PCV could reduce the risk of barotraumas. Additionally, PCV delivers the tidal volume faster than VCV, and the two techniques have different gas distributions and a high and decelerating inspiratory flow [9] . Because of the limited inspiratory pressure, the ideal tidal volume may not be reached; thus, the end-tidal CO2 tension increases. For these reasons, PCV was associated with a higher end-tidal CO 2 tension at T3 in our study.
Obesity is a well-established risk factor for laparoscopic surgery [16] . Because of the special respiratory mechanics associated with this disease, maintenance of oxygenation is one of the most difficult problems in the anaesthetic management of obese patients. Anaesthesia could reduce the functional residual capacity by 20% in non-obese anaesthetized patients, but it increases to 50% for obese patients. Moreover, pneumoperitoneum causes 30% lower static compliance and 68% higher inspiratory resistance in supine anaesthetized obese patients [3] . Ventilation-perfusion inequalities in obese patients may require a 15-25% increase in minute ventilation. The traditional approach of using large tidal volume in VCV causes cardiovascular embarrassment, rise in peak inspiratory pressure and plateau pressure without significant improvement in arterial oxygenation in obese patients [17] . Additionally, high tidal volume causes excessive stretching of the lungs and alveolar rupture, and may leading to volutrauma. Moreover, it may cause an inflammatory lung injury similar to adult respiratory distress syndrome. By limiting inspiratory pressure and uniform distribution of forces within the lung, PCV could reduce the risk of volutrauma. Though PCV has a theoretic advantage over VCV in obese patients, we did not find that PCV was better than VCV for hemodynamic effect during laparoscopic surgery in obese patients. But this result should be interpreted with caution as the data obtained from studies of obese patients were mainly from only three studies.
Trendelenburg position is another well-established risk factor for laparoscopic surgery. In laparoscopic pelvic surgery, patients are often placed in a steep head down position, which have adverse effects on ventilatory parameters and hemodynamic variables. Hirvonen et al. [18] observed a 20% decrease in lung compliance with the Trendelenburg position, and an additional 30% decrease with pneumoperitoneum during a laparoscopic hysterectomy. The need to improve compliance is striking when this 50% decrease is considered. In our study, we found the compliance of PCV was higher than VCV at both T1 and T2, but when the operation was finished and the patient's position reverted from Trendelenburg to supine, no difference between PCV and VCV was seen.
The strengths of this meta-analysis included its exhaustive search without language restrictions and validated systematic review methods, which followed the PRISMA guidelines. Nearly all the outcomes showed low heterogeneity across the studies. In comparison, several limitations of this meta-analysis merit consideration. First, though we included eight RCTs, the total sample was still small; thus, it was under-powered to propose a completely reliable conclusion. Another limitation to our meta-analysis was that not all studies measured the respiratory mechanics and hemodynamic parameters at exactly the same time; this variability in timing may result in heterogene- ity in the data and may have a impact on our results. Also, the adverse events of mechanical ventilation, such as barotraumas and pneumothorax, were not calculated because of the rarity of the reports and following studies may focus on this.
Conclusions
In summary, our meta-analysis suggests that hemodynamic parameters are similar for patients receiving PCV and VCV during laparoscopic, but that PCV may offer mildly better respiratory data. 
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